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setenginesexeinstslledonai&mmes;as
designs,theJeter~inosme mountedinsuch
stresmexhaustsinclosegwx:titytothe

fuselage.Thisreportdealswiththe,hehavicu’of‘thosetin
cloeeproxhity’toa two-dimensionali3urface.Theexperiments
werotie tofindoutwhetherthesxiellyqyn?metricstrea tond.s
toap~oachtheflatsurfam.Thisreportisthelaetofa series
of fourpartialtestreportsoftheCWtingenprogramfor
thoinstallationofjete@nes, datedOctober12, 1943. Thisreport
isthecomplementofthereportonintekeinclosopuoximityto
a wUL.

1:INTRODUCTION

Considevabl.econfusionsti31Lattendstheinstalle.tionofturbojet
en@nesasregardsthedischargingjot,espec:ell.ywhenitcomes
neerotherportsoftheairplanesndinter?mxmcephenomenaare
possi-ble. Iftheengineismountedneertothefuselage,thereis
apprehensionthatthe,jotwilladheretoitwithconsequent
undesirableheatingsndpossiblyalsodzz~increase.Thepurpose ‘
ofthepresentreportistotreatthoseproblemsinsomewhatgreater
detail. .

Thefearedjetprocessesue causedbythenecrneseofthewell..
Inor&ertosecuremoregeneralandfundsmenbaldata,SU special
wellj’ormswereUsregsrdedoadthejetwasmeasuredinthe
proximityofa flatwd.1.Thisprecludedtheprocesseswhich
dependontheparticularprcsswedistributionatthewell?ir+d
intbesurroundingspace.Furthermore,theworkwasdoneona cold
jet,principallyonaccountofeqerimentcd.facility.Theextent
to~fiichfwxlmentsl~henomenaweresuppressedbyitmustbeleft

‘+’%trehlau~breitunginw~tie,”rt%ntrslefitrVi.ssenschaftliches
Bertchtswes~nderhftfahrtforsch~&s Generalluftzeuggneist-ers(ZWB)
Ber12n4dlershof,UhtersuchuqynuzxlMitteil.ungenW, 3057, Deoember31,
1943,
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tofi.zture experiments.X As&riableparametersthereremain
thevelocityoftheJet,forwhich&scl”iteri.onthemeanvelocityVA
intheexitoftheenginemodelischosen,Wd theouter
flowvelocity‘TO;endindeeditm.ggesteitselftoonceconsider
thedifferenceVA -V. andthenthequotientVA~o ~ BiF@-fiC~~.
Anotherparsmeteristhedlstencea oftheexitconefromthe
weJL(thatis,thedistancsofthepointofexitcloEesttothe
wallfrm thewell),endlastlythedesignofthefeiringbetween
engineandwellwillsJ.soplw a pert.Inevei)ycase,thetln’ee-
Mmmw!ond.vsriationofthojetdownstreamfromtheexit@s’cbe
measured.

II.CONVERSIONTOOTTEROPERATINGCONDTIXIONS

Inviewofthemultiplicityofpotentialvewiations,itis
desirabletoestaklishsimplifyingconnections.ForprELct3.cal
purposesitwouldbemoreadvantageoustobeabletousGeasily
madestatictests(withoutstreaflow)andtocangybeallphases
tithstreamflowfrom it. Sucha processisde~cribedinthe
following:

Itisassmedthatthegeneralstateofflow(v)results,
infirstapproximation,frcmthesuperpositionox’thestreem
flow(vo)withthejetflow(v*):

Thisimpliesthat
differenceofthe
jot(vo),sothat

(1)

thejutdiffusionistodependonlyonthe
velocitytnthefiot(VA)andout~idgofthe
thevelocityv intheform(v-vn]/(vL-v,,}

forfl=edyaiticlesisindependentoftheoperatingc&~t~on.-
A.certaindifficultyisinvolvedinthefindingofthelocation
oftheseparticles,thatis,topassfromthevelocitytransfomm-
tion(1)totherelatedtransformationofthocoordinates.A
rectangularsystemofbodyaxes(x,y, z)isusod~~thx in
theflowdirectionandthethe coordinatet, withx = O (plane
ofexit)for t = O. Thespacecoordinatesofthep=’titles ,
arefunctionsofthetime.Thusforequaltimeintervalst we
getarelatiorzbetweenthecoordinatesx,y,zofthe~ticle
inthegeneralflow(v.# O)andthecooz%iinatemx~,yt,ztof
:thefl.owwithoutstreamfluw(v.= O).

l~g yo~le~ ofmodelsimilarityendrep~oduclxionofthehot-jet
ti-wind-tur!!ltmstsare&Lscvflsed.inrefemnco3.
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Itfurtherisassumedthattransverseflows
hencethatthevelocityhasthedirecti.anofthe
y=yf end Z=zl. ~hisleavesthe
end x? and t tobedetermined.

dxv= —; v?=
at

thevelocityrelation(1)thenreads

dx &

connection

—=.— + To
dt dt

which,inte~a’ted,gives

x(t)= x~(t)+ Vot

Xnthisequationt isyettobeeliminated
withtheaidof(2)bymeansofthevelocity
whichisaccessibletomeasurazwnt:

Inthismannerthedesiredtransformationof

canW disre~srded$
x-axis,sothat
betweenx end t

(2)

(4)

tobereplaced
= V?(X’>YJZ)>

(5)

coordinates

–-.2d.j .--A-- “ .’x J .@!J!Q-_
dd vA

1°
V+(xt,y,z)—.

‘?0 v~t

(6)

followsfr~ (k),madeWuensionlesswiththedi~eterd ofthe
exitnozzleandtheaveragevelocityVA*= vA -V. intheexit
nozzle.ThistransformationetatesthatplmesDO* tothe x-axis
e.renotmaintained,butthataccordingtotheveloci&~distri- .
butionvl{x~,y,z)the x displacementforthefasterperticles$s
lessthanfortheslowerones.Inpracticev*~vA1wouldbe
masuredjtheintegrationcarriedout,R& the x .correspcmding
to Xtcd.uclatedby(6).Theretheareaofsmellvelocitywould.

J--qy2> @,causedik’icul’ties,esFc+ciEUIYforthepointsx = 0} x
sincevt withx-+0mustapproachzeroina certainwqyinorder
thattheinteggvil.mayexist.Moreover,thenmric~ evaluation
inthisarearequire,setiremeaccuracyofmeasurement.
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A detailedcheckofthepracticabilityoftheseasmmptiqns
wasoutsidethescopeofthepreseptreport:A thoroughdiS~USSiOn -

withconsiderationofthetransversemotionsmustbetheObject
~fa specialinvestigation:Forthepresent,theseassumptions
were,afterseveralothersimpli.flcations,simplyusedaslasis
forthetestprogram.Sincethepotentialcoiaewithitshigh
dynemicpressuresendpresumablyhightemperaturesisofpmticul~
interestintheapplication,VY= constantWS taken
e~~ to -VA1= vA-vo. Therefore,

x ~t vJ@o
—=—
d d vAjVo7~

(7)

Thisassumpt’fonis,ofcm.rse,Justifiedonlyfortheregionaround
thejetexisuytothedissolutionofthepotentialcore;however,
inthisregionaloneistheassumptionofvelocityparallelto
the x-exissatisfied.Inviewofthemixing::sotion,itwould
Physicdlybenore logicalifamesmvqlocitywithinthehctual
mixl~,zonewereregerdsdascharacteristic.”Thetramfomation(7)
has
x=

The

the

and

theadvantageofslwayspermittingmeasurementinplaneswhere
constent.

~1.~~wfi~m

Ind.1tests,thedifferencevA -V. waskeptconstant(=33 m/s).
first operatingccnditionwithzerostreemvelocitywas:

StateI: V.= ~;vA= 3jm/B;vA/Vo‘Co;~ =~T,

second,withccr.qmativelylowstresmvelocity: ‘

StateII: ‘To= ~m/s; vA=44n/8;vA/%o= h’;x ‘1.33xl

thethird,withgreaterstresmvelocity:

w

●

.

StateHI: V. =33n/s; VA= 66nl/s; v*-po = 2; x = 2x’ ● .

ItwasfoundduringthemeasurementsthatthestatesI andIII
woreinmostcasessufficientforexplainingtheprincipalprocesses.

Thewelldistances
a= d (largedistance)
p?rposes,datawiththe
wall(a==).

themselveswerelimitedtoa fewvslv.os,to
and a= d~~(,smad.1&lstmc@);forcomparative

*

jotmotorwerealsomeasuredwithouta

e
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Theliningbetween
inseverslcases,since

5

er@neandwallwaskeptespecieJl&slender
Kunzelsteetehadshownthefiuortanceof

adequateventi.la~ionbetweenjetandwall.Ascontr& tothis
“good”fairing,a particularly“poor”fairingwasused(fi@1)’.
Thesecowlingsallterminated~th theexitplaneof’thepowerunit.
Inoneinstance,the goodyerston.wasshiftedbackwardby:dend
cylindricECQcutouttowerdthejet,creatinga typeof“tunnel.”

..
A modGlenginewithinstalledblowerwaaused,.Themeasuremmts,

madeintunnelNo.2,includedtotslpressureandstaticpressure
in y and z directionthroughthejet@s atverious.distances:
x frcmtheexitnozzle. . .

.....

Iv.BllSUZrs

Itisfoundthatmm knowledgeofturbulentdiffusiongaocesses
isinnowaysufficienttoexplaindefinitelytheindividual
phenomena.

1.WithoutWsJ.1

Figures2 to4 representthevelocity~s~ri~utionsin the
W atvarious distances from the exit nozzle for thethree
o~eratingconditions.ItportrqystheccnventimriLpatternof
Je+dll.ffus’ionenditmustbeconcededthattheforegoingEda@ifying
assumptionsholdonlyveryrou@ly.Forthegradualdecreasein
theyotentidl.corewithinc.’eas~distancethegiventransformation
isp?actical,butgreaterdifferencesoccurinthetmnsformation
ofthemixingzone,whichisingenerelm@Llerthanthoassumption
stipulates.Ifthecoordinaterelution(6)weremome.muratdy
tskenintoaccountandthusthegseatervaluesof x ascribedto
‘deereasoflowGrvelocity,theagreementwcul.dbebetter.Such
egreementwouldthenbeobtainedintheboundaryzoneifthemean
velocityinthe,mbcingzonewereusedasbasis,w%ilmthedovlaticns
inthepotentialcorewouldbecomegrcacer.Itisruadil.yapparent
that,exactagreementisattainedinnoinstence,hencethatother
phy@icd.processesUUStdLSOplqyELpert.Those.LU-O&deinpart
totheboundaryl~er ontheouterenginemrfam whichisparticulsmly
@sin instateIIIendbywhichtheJotisirfiti~~cmwlopedby
G cushionofretardedair;hutwithittheentirepmt historyof
theoutsideflowisinvolved,“sothatmoreGeneralpredictionsare
rmxleredextremelydifficult.Moreover,evenforreasonsofpum
potentieltheory,a differentjetseemstoformwithstreemflew
thanwithoutit. WhileinstateI e%mctangul.arvelocitydistribution
existsintheexitconesada 3Gtcontractioniescarcelynoticeable,
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thelatterIs@ably Wxlenti~stateHI asa velooityincreasein
thepotentislcore.Thlegeometricaljetdeformationcoul.dbe
inducedtytheshapeoftheoutercozntourwhich(inadheriw.flow)
gives.thevelocltyattheedgeofthenozzleaninwardlydiretited
radialcomponent.TheJetdefo-, bythea~oach flowgives,of
course,a differentbasisforthetimingofthejet,

2.LexgeW&UDif3@nce

Inthisinstance,thefatttngwithitslxnudmy~leyerandthe
boundarylqer atthewall.itselfexel.nml.veti.Forccmpsrison,
thevelocitydistributioninthebounlarglayeratthewellin
theunaffectedstatewauplottedi~thesamemannerasinthe
diagramsoff%guro~,

Inanalyzingtheresultswiththe goodfair= infigures6
and7 thesectionparalleltothewell.(ydirection)Uscloscm
practicallynodeviationfrcmthecomespondingstateswithout
wm. onlytheplaneslkmmelltothewall(zdirection)manifGst
atgreaterdistancefromthenozzleminordifferenceswhichreveal
a slighttravelofthejettowardthewallwhtinnooutsid~flowis
p?esent.But,iDstateIIIJuettheoppositeoccurs:Themaximum
ofthevelocitydistributiontravels~rceptiblyamy fromthe
wall.Thewakeflowofthefairingisscarcelynobfoeableand
theboundaryl~er atthewallal~oappearstooxyerienceno
substantialvariationbytheflow.

Onthe -poorfairing(figH.8and9) theconditionsare
different..WhileinstateZ the”JetrdXU.seemstomovea little
nearertothewallthenwiththe good~airing,withAmeeanflow
itceasestomoveawayframthewellandmovosintothedead-air
regionintroducedbythef&rimg.

Togetsaneideaoftheformofthe~etinthevariousfairi~s,
figure10reyi”esontstheli~s ofequalvelocityina sectionnormal
totheflow,aswellaswaspmmiblea~cordingtothemeasurements.

.. Thegoodaswellasthebadfairingshowsa formnolongeraxially
mtric~~ which>however)iSflattenedoutatthewallside
inthefirstcaseandovallypulledtowardthewallintheother.
Themovementofthbvelocitymaximumindifferentdirectionsis
@.*visible. ACCOl?&lgtotk$s,itfightbesuspectedthat
thegoodventilationofthespacebetweenend.ncandwellwiththe.-
good-
awqf
ina

fairingformsR definiteaircushionwhichpushcmthejet
frcmthewalliTMs conceptissu~ortodbytheconditions
horizotislsectionthroughthejot’infigureU.

“

.

“1
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IIoweve~jinspite of them dissimilarities,theetfectsere
ccmparativel.ysmall.Intheproximityofa flatwell,the
possibilityof&ventilationfrcmthesidesissogreataato
~ecludetheexistenceorJetadher~uceeventithanextramdy

1’

poorfairing.

3. Shol+WLllMstS31Ce

Onenoteworthyfactisthattheafcmementimedprocesses
arerepeatedtithtlmshortwalldistawe,hencearenotlimited
tothecomparativelylergedistancefromthewell.Astiththe
goofifairing,tLerGisa sli~htmovementtowerdthewallin
theabsenceofstreemflowandamovementawayfrcmitwith
increasingstreemflow(flg~.12and13).

ThefaLringwithtunneleti,endingbach~d beyondtineafterb@y
oftheengir~unitisofpractfcclintoreatforthereasonthat
inmanycasesit2sthe-onlyw toobtaina suf”t’icienilyelongated
form.Thi8fairingliketiseexhibitsnomarkeiQyunfavorable
behavior.Thejetnaturallyadheresinthiscaseatthetunnel
(figs.14and15).Thistunnelsurfacewaathereforetohava
noprojectedareaintheflightdirectionforreasonsofresistance.
Since,however,thetunnelmustbeadaptedtotheformofthejet,
andthisisnotknownatonceforthedifferentqngineunits,
difficultiesmegerise,sothat,ifatellpossible,sncha tunnel
fal.ringshouldheavoided.

Itisperhapsnotimmediatelycomprehmsiblewhyinth&e
measurementsonlythesefewgeneralizedtypesoffairl~swere
investigatedandtheformofthefairinguotfrwthervaried,
toe@ablish,forexmple,whichfarmcouldbcstilldesignated
as good. Accordingtothecitedresults,however,tliesolution
o?sucha problemdoesnotappeerpossibleatonce,sinceitwas
seenthat geometricalconditionssuchaatheformoftheafterbody
oftheengineunitorthepasthistoryoftheouterflowhafesome
effectcmthephenomena,sothate separationofth&seproblems
&cm theothersfortheinstellatlanofgivenconditionsseems
herdlycorrect,@ theRemoldsznmiberandthetemperature
conditionswouldthenalsohavetobetakenZncoaccount:Eence
thel~tationtobasicexperiments.Thatthecondition~inan
hst~ed jet-propulsionunitaresimilarinthofundamental
phenomenaisshownbythewind-tunneltestsonenauxillery
~urbo~etunitmodelmounted%elowthefuselageontheHeinlmlX.9
{referencw2). So,incrder
jetdiffusionfora specific

tobeabsolute&certainaboutthe
desf~,a testonthetotalmodel

..
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is probablyunavoidable,andJudgedby past experiences, a water-channel
testisbestsuitedforthispurpose.

Translationby J.
NationalAdvisory
forAeronautics

2.Brennecke,H.:

Vanier
Committee

R131EWlJCES

Messungenan demModelleinerStrahlantriebsgondel.
l?orschungsberichtl~r. 1723, 1943.

2.B~uerle,H.andHildenbrand,”H.: WiderstandsundSchubSnderung
belnachtr~lichenAnbaueinesTL-TriebwerkesunterdenRumpf
derHe219. llktersuchungenundMitteilungenlfr. 3041, 1943.

3, Kiichemann,D. andWeber,J.: “tierdieStr&mmganringf?5rmigen
Verkleidungen.XI.Mitteilung:WandnaheEinl&.zfe.Uhtersuchungen
md MitteilungenNr.3051, 1943.
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